The essential oil compounds of 274 individual plants belonging to 13 populations of Origanum vulgare L. (Lamiaceae) from Corsica were studied by GC/FID and GC/MS. On the basis of their monoterpene chemistry three different chemotypes were obvious in the Origanum populations: The first and most common type was a 'cymyl' type, with either carvacrol (0.6-65.5%) or thymol (0.0-49.5%) as the main compound. The second, which was very rare, was a 'sabinyl' type with sabinene (7.8-20.2%) and cis-sabinene hydrate (0.7-24.8%) as main compounds. The third type was a 'mixed' type combining compounds of the 'cymyl' and the 'sabinyl' pathway. The 'mixed' type was rich in cis-sabinene hydrate (0.0-52.4%) and γ-terpinene (0.6-35.4%).
The genus Origanum comprises several species with a long tradition as medicinal and aromatic plants. Due to their content of essential oils two different economic plants (two different 'qualities'), marjoram (O. majorana L.) and oregano (several other species of the genus) have been used by man for many centuries. While the volatile oils of marjoram are rich in bicyclic monoterpenoids (cis-and trans-sabinene hydrate) those of oregano are containing primarily phenolic monoterpenes (mainly carvacrol, occasionally thymol).
In most European countries the commonly used 'oregano' derives from plant material of the species O. vulgare L. This species possesses the largest area of all the species in the genus and is widely distributed in Europe as well as in parts of Asia and North Africa. The species is extremely variable in its morphological characters, leading to the differentiation of six subspecies in the presently accepted taxonomic reference for the genus [1] . Despite morphology, a wide diversity can also be found in the total amount and the qualitative composition of the essential oils produced. In principle, the subspecies on the southernmost range of the distribution area, ssp. glandulosum (Desfontaines) Ietswaart, ssp. hirtum (Link) Ietswaart and ssp. gracile (Koch) Ietswaart are the subspecies rich in essential oil, whereas those in the northern part, ssp. virens (Hoffmannsegg et Link) Ietswaart, ssp. vulgare and ssp. viride (Boissier) Hayek are poor sources of volatiles [2] . Those individuals rich in essential oil are usually rich in 'cymyl' compounds (mainly carvacrol and/or thymol), while those with poor or intermediate oil content often contain acyclic compounds and sesquiterpenes [3] . Although there seem to be subtle chemical differences, no clear correlation between the presently recognized subspecies and the qualitative composition of their essential oil can be observed. The current concept of O. vulgare is still an issue of debate and these taxonomic difficulties seem to have their counterpart in the volatiles. Nevertheless, an attribution of the sampled plants to one of the two subspecies was often doubtful due to the subtle morphological differences that are used for the taxonomical discrimination. Green bracts and white to slightly pink flowers are the characteristics of subspecies viride, whereas subspecies vulgare usually has violet bracts and pink corollas. On Corsica, none of the examined populations showed homogeneity in these characters and individuals with intermediate flower characters were found. This observation is in accordance with the reported gradual change of subspecies vulgare into subspecies viride within their shared distribution area [1] .
On the basis of their monoterpene chemistry three different types were obvious in the Origanum populations of Corsica ( Table 1 ).
The first and most common type was a 'cymyl' type, with carvacrol (0.6-65.5%) and/or thymol (0.0-49.5%) as main compounds. These two monoterpenes, their precursors p-cymene high amounts. In the 'cymyl' type, compounds of the 'sabinyl' pathway were rare and were detected in either minor amounts or traces only.
The second, very rare type was a 'sabinyl' type with sabinene (7.8-20.2%) and cis-sabinene hydrate (0.7-24.8%) as main compounds, accompanied by trans-sabinene hydrate (0.8-6.8%), trans-β-ocimene (1.2-8.2%) and the sesquiterpenes β-caryophyllene (2.3-12.5%), germacrene D (2.3-18.3%), bicyclogermacrene (1.5-13.6%) and germacrene D-4-ol (2.5-17.0%). In this type 'cymyl' compounds were rare and were mostly found in traces only.
The third type seemed to be 'mixed' combining both, compounds of the 'cymyl' and the 'sabinyl' pathway. In the 'mixed' type, sabinene (1.5-18.4%) and cissabinene hydrate (0.0-52.4%), as well as γ-terpinene (0.6-35.4%), p-cymene (0.8-18.0%), carvacrol (0.0-37.4%) or thymol (0.0-23.9%), carvacrol methyl ether (0.5-11.6%), trans-β-ocimene (2.2-13.0%) and the sesquiterpenes β-caryophyllene (0.3-18.0%) and germacrene D (1.6-15.3%) were detected in the extracts in higher amounts.
As already mentioned, the 'cymyl' type was the most common one and in populations B to N most of the individuals represented this type. In populations A, C, D, F, H, M, N and K also the 'mixed' type was found, usually in the minority, with the exception of populations A and D, where the majority of the individuals were of the 'mixed' type. Population A was the only one where individuals of the rare 'sabinyl' type were found and was also special in that the 'cymyl' type was very rare ( Table 2) . O. vulgare from Corsica was generally low in essential oil compounds (0.14 to 1.85 mg per g dry mass) and this poor amount does not qualify the Corsican oregano for commercial use.
The 'cymyl' type seems to be similar to types already described for populations of O. vulgare ssp. viride from Liguria, north Italy [5] and Greece [6] . A characteristic of the Corsican type was the presence of trans-β-ocimene and carvacrol methyl ether. Carvacrol methyl ether is a compound commonly not detected in O. vulgare. In O. vulgare ssp. glandulosum from Algeria, carvacrol methyl ether was found in higher amounts [7] . Carvacrol was the dominating monoterpene in the 'cymyl' individuals from Corsica. Only in populations K and L were there samples with thymol present sporadically; three individuals (population C, F, K) showed a balanced oil composition.
Compounds of the 'sabinyl' pathway are rare in O. vulgare and seem to be restricted to subspecies (or individuals) with poor or intermediate oil content.
In O. vulgare ssp. viride from Iran [8] , in ssp. vulgare from Italy [5] , Turkey [9] and Lithuania [10] , as well ssp. virens from Turkey [9] , 'sabinyl' compounds were reported in combination with high amounts of acyclic compounds and/or sesquiterpenes. In relation to its qualitative composition, the Corsican 'sabinyl' type is similar, but resembles best the geographically near O. vulgare ssp. vulgare from Italy [5] . Like in the Corsican Origanum, beside sabinene, cis-and trans-sabinene hydrate where also detected, while the other authors found sabinene only. Extraction: Dried plant material (55 mg) was extracted in 1 mL dichloromethane for 30 min in an ultrasonic water bath. The extracts were filtered through cotton pads on a Pasteur pipette and were directly used for GC-analysis.
GC and GC/MS analysis:
The quantitative GC analyses were performed on an HP6890 machine equipped with a FID and fitted with an Agilent DB-5 narrow bore capillary column (10 m x 0.1 mm, 0.17 µm film thickness). Helium was used as carrier gas (average velocity 45 cm/s). The inlet was kept at 260°C in split mode (split ratio: 100:1). Temperature program: 60°C for 1 min.; from 60°C to 85°C with 8°C/min increases; 85°C to 280°C with 12°C/min increments. Fenchone was used as internal standard. The quantitative composition was obtained by peak area normalisation, and the response factor for each component was considered to equal 1.
The analyses for the identification of the compounds were performed on an HP 6890 machine coupled with an HP 5972 MSD (mass-range 50-550 m/z) Agilent DB-5MS narrow bore capillary column (30 m x 0.25 mm, 0.25 µm film thickness). Helium was used as carrier gas (average velocity 42 cm/s). The inlet was kept at 260°C in split mode (split ratio: 100:1). Temperature program: 60°C for 4 min.; from 60°C to 100°C with 5°C/min increases; 100°C to 280°C with 9°C/min rises. Retention Indices (RI) of the sample components were determined on the basis of homologous n-alkane hydrocarbons under the same conditions. The compounds were identified by comparing their retention indices and mass spectra with published data [12, 13] .
